In 1993, the incidence of infection associated with implantable cardioverter defibrillators (ICDs) excluding generator, lead, and patch placements was 16.7% at our institution. Eightyeight percent of the ICD implantations were two-staged procedures: the cardiologists performed the electrophysiologic studies in their laboratories, and implantations were performed in the operating rooms a few hours to a few days later by cardiothoracic surgeons. In 1994, both the electrophysiologic studies and ICD implantations were performed in the operating rooms without waiting periods. From 1993 to 1995, the proportion of ICDs placed transvenously increased from 56% to 100%, whereas the proportion of two-staged ICD placements decreased from 88% to zero. From 1992 to 1993 the infection rate decreased concomitantly from 16.7% to zero. From 1992 through 1995, the infection rate for implantable ICDs alone was 4.8%, and the overall infection rate for implantable ICDs (including generator, lead, and patch placements) was 6.9%, comparable to the rate reported in the literature (2.2% to 7.2%). The elimination of the twostage procedure and the increased proportion of transvenously placed ICDs has contributed to the decrease in infection rate.
Implantation of the automatic implantable cardioverter defi-
See editorial response by Steckelberg and Wilson on brillator (ICD) is an effective therapy for many patients who are pages 270 -1. at risk for recurrent ventricular tachyarrhythmia and/or sudden death [1] . Until recently, implantation of the ICD required a At the University of Massachusetts Medical Center (Worcesthoracotomy for placement of epicardial leads and patch electer, Massachusetts), a clinical trial for transvenously inserted trodes. This procedure was performed via a left lateral thoracotICDs began in 1992. The incidence of infection associated with omy or a subxiphoid incision. The rates of morbidity and morimplantation of our ICDs was higher than those reported in tality and duration of hospitalization following this procedure the literature [1 -8] . We investigated the bases for the higher were low, but were nevertheless of concern to physicians who infection rate and instituted practice changes that resulted in a prescribed or implanted these devices. The transvenously inreduction of the rate. In addition, we discussed the clinical serted ICD is a nonthoracotomy lead system. The leads are characteristics, treatments, and outcomes for patients who deintroduced transvenously under fluoroscopic control by way of veloped infections after ICD implantations. the subclavian, cephalic, or internal jugular veins. A patch electrode is then placed subcutaneously and centered at the level of the cardiac apex at the anterior axillary line. The pulse Methods generator device is implanted subcutaneously in the left upper quadrant of the abdomen or in the pectoral region. The exact In 1993, the cardiothoracic service noted an increased infeclead configuration used for each patient is determined at the tion rate after ICD placements. The infection-control department time of implantation and depends on which configuration proobserved several ICD placements in the electrophysiologic labovides acceptable defibrillation thresholds. ratory and in the operating room. Some ICD placements were performed in two stages: the electrophysiologic studies and lead placements were performed by the cardiologists in the electrophysiologic laboratories while the patients were sedated, and placements. In addition, the infection-control department recomMedical records of patients who developed infections after ICD implantations were reviewed retrospectively for charactermended that the cardiothoracic surgeons train the cardiologists to perform the surgical components of the procedure in a controlled istics including age, sex, underlying diseases, predisposing factors, concurrent cardiac procedures, time from implantation to environment. Patients who had undergone ICD implantations in 1994 and 1995 were then monitored prospectively for infections recognition of infection, local signs and symptoms of infections, treatment, and outcome. through April 1996. an anesthesiologist was present. The conditions in the laboraICDs implanted, six patients had generators replaced, and two tory were physically restricted and cluttered. After satisfactory patients had old devices removed and new ICDs implanted.
sensing, pacing, and defibrillation thresholds were obtained, There were a total of four infections in three patients. Two the pacing and defibrillating wires were buried subcutaneously patients developed infections after ICD placements via the thoin the subclavicular incision and covered with a dressing. Paracotomy route, and one of the six patients who underwent tients waited from a few hours to 5 days on the ward before generator replacement had a pocket infection. After the entire undergoing the second stage of the procedure, which consisted device was removed, a new ICD was placed, but this later of generator placement under general anesthesia and was perbecame infected. Ten (56%) of the 18 ICDs were placed transformed in the operating room by the cardiothoracic surgeon. venously. The infection rate for complete ICD placement only
The subclavicular incision was reopened in the operating room (excluding generator replacements and lead or patch placeto reveal the pacing and defibrillating wires, which were retested for sensing, pacing, and defibrillating thresholds before ments) increased from zero to 16.7% from 1992 to 1993. / 9c52$$au41 07-10-98 15:44:06 cida UC: CID they were tunneled to the abdomen for connection to the generThere was a total of six patients with seven infections. One patient died 5 weeks after device removal of continued nonsusator device. Then an interrogating wand was used to test for sensing, pacing, and defibrillating thresholds. The cardiolotained ventricular tachycardia and multiorgan failure. A second patient who was treated unsuccessfully with generator removal, gists required an average of 4 hours to complete their portion of the procedure, whereas the cardiothoracic surgeons required required removal of the entire device, antimicrobial therapy, and reimplantation of a new ICD. Subsequently, this patient Ç2 hours.
In 1994 the cardiologists' portion of the procedure was transdeveloped a new infection, which required a second device removal; her condition was finally maintained on amiodarone. ferred to the operating room. Only two ICDs were placed with the patients in the electrophysiologic laboratory, one each in Three patients underwent successful reimplantations of ICDs after receiving a course of appropriate antibiotics with no fur-1994 and 1995; the remainder were implanted in the operating room. The combined procedure required an average of 2 to 3 ther infections. Only one patient underwent generator removal alone with translocation of the leads to the right side of the hours, without the waiting period of a few hours to a few days. In 1994, a total of 28 patients had 29 procedures performed: chest and, after some weeks of treatment with vancomycin, a new generator was connected to the leads without further evi-19 new ICD implantations, four reoperations consisting of replacements of entire old devices with new defibrillators, and dence of infection. six generator replacements. Of the 23 ICD implantations, 16 (70%) were transvenously placed. There were two infections; Discussion one occurred in a patient who underwent a generator replacement and the other in a patient with a nontransvenously placed
The infection rate involving any component of ICD, including the rate-sensing electrodes, patches, or pulse generators, is ICD. Both of these procedures were performed in the operating room. In 1994, the incidence of infection for ICD placements from 2.2% to 7.2% [1 -8] . The infection rate at our institution for 1992 and 1993 was 9.8%, a rate much higher than that was 4.3% (excluding patients who underwent generator replacements), a decrease from the infection rate of 16.7% from reported in the literature. Our investigation revealed that 88% of our ICD implantations were performed as a two-staged prothe previous year. In 1995, 32 patients had some form of ICD placements: 26 received new ICDs and six had generator recedure, resulting in an increase in the operative period of at least 2 -3 hours. In many instances, this two-staged procedure placements; there were no infections observed. All 26 ICDs were placed transvenously. From 1992 to 1995, the number of included a waiting period that varied from a few hours to as long as 5 days before generator placement. Three of the four transvenously placed ICDs increased from 41% to 100% (table 1).
infections that occurred in 1993 were in patients who had undergone two-staged ICD placements. By transferring the Overall, the infection rate for all ICD placements, including generator replacements, at our institution was 7%; the rate for electrophysiologic portion of the ICD placement procedure to the operating room, the operative period was shortened by 2 ICDs alone was 4.8%. For transvenously placed ICDs and for those placed via thoracotomies, the rates were 1.7% and 12%, hours. This change in and of itself could have accounted for some of the decline in infection rate. One other reason for the respectively. The infection rate for generator replacements was 19%.
infection-rate decrease was the increased number of transvenously placed ICDs. The overall infection rate associated with From January 1992 through December 1995, a total of seven infections occurred in six patients after ICD placement or gen-ICD placement decreased from 16.7% to 4.3% in 1993 and 1994, respectively, and finally to zero in 1995. Concurrently, erator replacement (table 2). The infections included four ICD placements and three generator replacements. Of the ICDs the number of transvenouly placed ICDs increased from 56% to 70% from 1993 to 1994, and then to 100% in 1995. Trappe placed, only one was placed transvenously; the remainder were placed via thoracotomies. The transvenous ICD placement was et al. [8] observed that infections occurred significantly less often in patients who underwent nonthoracotomy placements a reoperation. No one particular surgeon who performed the procedures was associated with these infections. The patients (0.8%) than those who underwent epicardial ICD implantations (5.8%). The overall infection rate for ICD implantation at our commonly presented with localized signs and symptoms of persistent drainage from the generator implantation sites. The institution was 6.9%, comparable to that reported in the literature. Consistent with other studies, we found that infections time from implantation to recognition of infection ranged from 2 to 189 days. Four of the seven infections occurred among occurred more commonly after pulse generator replacement than after the first ICD placement. patients who had reoperations. Coagulase-negative staphylococci were the predominant causative organisms. Attempts to Our attempts to salvage infected ICDs by partial removal of the devices and treatment with a course of antibiotics failed. salvage the device by use of local debridement, partial removal of the device, and a course of antibiotics failed for five of On the basis of our limited experience, it would appear that cure could be achieved with only total removal of infected seven infections. Six of the infections required removal of the entire device including removal of wires, patches, and pulse ICDs, followed by a §4-week course of parenteral antimicrobial therapy before reimplantation with a new device [7, 8] . generators.
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